Background-Butyrate is an important energy source for the colon and its metabolism has been reported to be defective in ulcerative colitis. One mechanism for defective butyrate metabolism in patients with ulcerative colitis could be an enzyme deficiency in the P-oxidation pathway of butyrate. Aims It is possible that abnormal butyrate oxidation may occur in the colonic epithelial cells of patients with quiescent ulcerative colitis. Such an abnormality may be of pathogenetic significance and therefore requires further study. This study set out to measure the activity of each enzyme involved in oxidation of butyrate (Fig 1) .
butyrate. Aims There is evidence that a metabolic defect within colonic epithelial cells could contribute to the pathogenesis of ulcerative colitis.
Colonic epithelial cells absorb luminal butyrate and oxidise it to provide energy through the citric acid cycle. l1 It was proposed by Roediger that metabolism of luminal butyrate may be abnormal in patients with ulcerative colitis and that this abnormality may result in energy deficiency at the cellular level,5 thus contributing to the colitis.
By using in vitro metabolic studies, Roediger showed that butyrate was the fuel of choice for colonic epithelial cells compared with alternative fuels such as glucose or glutamine. 6 Roediger also found that when colonic cells were studied from patients with ulcerative colitis these cells oxidised butyrate as an energy source to a lesser extent than cells from control tissues. It is possible that abnormal butyrate oxidation may occur in the colonic epithelial cells of patients with quiescent ulcerative colitis. Such an abnormality may be of pathogenetic significance and therefore requires further study. This study set out to measure the activity of each enzyme involved in oxidation of butyrate (Fig 1) .
Methods

Tissue samples
Prior to assay all tissue samples were coded so that the biochemist performing the assays was unaware of the disease group of the donor patient. It was not possible to assay all enzymes in the oxidation pathway in each Crotonase, acetoacetyl-CoA thiolase, and butyryl-CoA synthetase were extracted into 10 mM TRIS buffer (pH= 7.4) containing 1 mM EDTA, 3 mM magnesium chloride, and 300 mM sucrose.
Cytological assessment of cell suspensions Before complete disruption by homogenisation, aliquots of mucosal cell suspensions from the normal colon of three patients were spread on glass slides and sprayed with polyethylene glycol, ethyl alcohol, and glacial acetic acid fixative and stained with Papanicolaou stain. The proportions of lymphocytes and epithelial cells in these preparations were then estimated microscopically for 10 high power (X400) fields.
Classification of mucosal samples from patients with ulcerative proctocolitis Routine haematoxylin and eosin stained paraffin wax sections were prepared from samples of mucosa adjacent to those used for assay. Inflammatory changes were classified using the criteria of Truelove and Richards12 (Appendix). Epithelial cell density was assessed using the grading system described by Goodman et al. 13 Statistical analysis of loglo transformed data shows no significant differences from synthetase, butyryl-CoA dehydrogenase, crotonase and hydroxybutyryl-CoA dehydrogenase. Thiolase activity, however, showed significant differences (*p=0.046) between rectal biopsy samples and surgical samples. All subsequent statistical analyses of thiolase activity were perforned on like samples.
was assessed by coupling this reaction to dichlorophenolindophenol and phenazine methosulphate. The rate of decreasing absorbance was assessed spectrophotometrically at 600 nM.
Crotonase was assayed according to the method of Fong and Schultz. 16 Crotonase catalyses the conversion of crotonyl-CoA to hydroxybutyryl-CoA. The formation of the magnesium complex was assessed spectrophotometrically at 280 nm. The intra-assay and inter-assay coefficients of variation were 4% and 13% respectively.
Hydroxybutyryl-CoA dehydrogenase (HobuCoADH) activity was measured according to the method of Fong and Schulz. '7 HobuCoADH catalyses the conversion of hydroxybutyryl-CoA to acetoacetyl-CoA. However, in vitro the forward reaction rapidly equilibrates thus the reaction was assayed in the reverse direction. The rate ofreaction resulting from nicotinamide adenine dinucleotide (NAD) formation was assessed spectrophotometrically at 340 nm. The intra-assay and inter- synthetase, crotonase, or hydroxybutyryl-CoA dehydrogenase activity between control and T and R class 1 biopsy specimens (Fig 2) .
The mean thiolase activity in T and R class 1 biopsy specimens was significantly lower than the mean thiolase activity in control samples.
Within the T and R class 1 biopsy specimens the median age of the donor patients was 37 (range 28-62) years compared with a median age of 67 (range 28-85) years in patients with normal mucosa. In view of this the youngest nine control patients: median age 49 (range 28-52) years were selected from the control group and thiolase activity in these biopsy specimens was compared with the thiolase activity in the T and R class 1 samples. No significant difference was found (two sample t test on loglo transformed data p=06). Table III shows these data.
Differences in enzyme activity in Truelove and Richard classes Enzyme activity was compared between each of the three Truelove and Richards classes (one way analysis of variance on loglo transformed data). Butyryl-CoA dehydrogenase activity was significantly different between T and R classes. Hydroxybutyryl-CoA dehydrogenase activity was also significantly different between T and R classes with enzyme activity falling with increasing inflammation in the adjacent mucosal samples (Fig 3) .
Correlation of enzyme activity with epithelial cell density Biopsy specimens from patients with ulcerative colitis were classified according to their epithelial cell density. There was a trend towards decreasing enzyme activity with decreasing cell density, but between the grades 1, 2, 3 there was no significant difference (Fig 4) propria lymphocytes from control, ulcerative colitis, or Crohn's disease patients. Measurable enzyme activity was seen in each tissue type for the enzymes butyryl-CoA dehydrogenase, Crotonase, hydroxybutyryl-CoA dehydrogenase, and thiolase (Fig 6) . No differences in enzyme activities were seen between the tissue types except that higher hydroxybutyryl-CoA dehydrogenase activity was seen in ulcerative colitis lymphocytes. Cytological studies show that less than 10% of cells in the homogenate were lamina propria lymphocytes the remaining 90% being colonic epithelial cells.
Discussion
This study represents the first attempt to measure the activity of the enzymes responsible for the oxidation of butyrate in human colonic epithelial tissue. All enzymes were detected and measured although the dehydrogenation step mediated by hydroxybutyrylCoA dehydrogenase equilibrates so rapidly in vitro that it requires assay in the reverse direction. One unexpected finding was an increase in thiolase activity with increasing age. The mechanism for this phenomenon remains unclear. The increase in thiolase activity with increasing age might explain the apparent difference in thiolase activity between control and colitic tissue. No other important variations of enzyme activity within normal colon were noted with age, sex, or position around the colon. There was a significantly lower thiolase activity in endoscopic biopsy specimens compared with operative specimens.
In ulcerative colitis each of the enzymes butyryl-CoA synthetase, butyryl-CoA dehydrogenase crotonase, and hydroxybutyryl-CoA dehydrogenase showed increased activity in ere Truelove and Richards class 1 mucosa comvity pared with that found in control mucosa. But only for butyryl-CoA dehydrogenase did this 10 rise reach significance. There was an inverse bu-relation between mucosal inflammation and wan enzyme activity. In the most severely affected )lg mucosa (Truelove Enzyme activity in colonic mucosa from patients with Crohn's colitis was raised compared with that from the mucosa of control subjects. This rise in activity was significant for the enzymes butyryl-CoA dehydrogenase and thiolase. This rise in activity mirrors the increased activity seen in Truelove and Richards class 1 mucosa from patients with ulcerative colitis. It probably occurred because of selection of the least inflamed tissue in the colon for assay. Previous studies of the enzyme glucosamine synthetase13 report a rise in the activity of this enzyme in the mucosa of patients with Crohn's colitis even at sites distant from the macroscopically evident disease. The rise in enzyme activity found in mucosa from patients with Crohn's colitis is probably not caused by an increased cell turnover in the Crohn's tissue because cell proliferation in rectal biopsy specimens from patients with rectal Crohn's disease is normal irrespective of the degree of inflammation in the rectum.2' It seems more probable that the disease process triggers a generalised reactive increase in the activity of many intracellular enzymes. This finding suggests that the observed rise in glucosamine synthetase activity in patients with Crohn's colitis is part of a more widespread response to inflammation in the colonic epithelial cell.
This study used biopsy specimens and not epithelial cell preparations to study colonic epithelial cell enzyme activity and therefore consideration must be given to sources of enzyme activity within the samples but not arising from the colonic epithelial cells themselves. Although colonic wall muscle does not metabolise butyrate3 the mucosal homogenate used for enzyme assay contained a mixture of both colonic epithelial cells and lamina proprial lymphocytes. Cytological assessment of these cell mixtures suggested that laminal proprial lymphocytes accounted for only 10% of the cells in the mixture. Further studies on isolated laminal proprial lymphocytes showed a small but detectable enzyme activity from these cells. This activity was similar irrespective of whether the cells were from control subjects or patients with inflammatory bowel disease. They are therefore likely to have made a minimal but relatively constant contribution to the total enzyme activity in the homogenates irrespective of the source of the specimens.
In conclusion, this study suggests that if abnormalities of butyrate metabolism occur in the colonic epithelium of patients with ulcerative colitis then the mechanism of this abnormality does not 
